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Abstract. Considerable attention has focused on why females of many species mate with several males. For social
hymenopteran insects, efforts have primarily concentrated on determining whether multiple mating increases colony
performance due to the increased genetic diversity. Most of these studies are correlative because it is difficult or
impossible to experimentally mate queens in most species. Thus, the positive associations found between multiple
paternity and colony fitness in some cases may not be due to direct effects of genetic diversity but could, in theory,
arise from high-quality queens having more mates. Here we show that in the ant Lasius niger variation in the number
of matings covaries with queen phenotype. Young queens that were heavier at the time of the mating flight were
significantly more likely to mate with several males. As a result, heavier queens stored more sperm. The initial weight
of queens was significantly associated with the probability of surviving mating flights during the two years of the
study, with queens of intermediate weight having the highest across-year survival. Queen initial weight was also
significantly and positively associated with the quantity of brood at the time of the first worker eclosion as well as
colony productivity at the time of hibernation. By contrast, there was little evidence for a positive effect of the number
of matings on colony performance when the effect of mate number and queen initial weight were considered simul-
taneously.
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One of the more debated issues in evolutionary biology is
why females in many species mate with multiple males (poly-
andry). Usually a single male can supply enough sperm for
fertilizing a female’s batch of eggs. Moreover, mating entails
costs such as time and energy costs devoted to courtship and
copulation, increased risk of predation while mating, and risk
of disease from parasite transmission, all of which may short-
en the female’s life span (Daly 1978; Thornhill and Alcock
1983; Sherman et al. 1988; Jennions and Petrie 2000). The
question of why females mate multiply has raised particular
interest in social Hymenoptera (ants, bees, and wasps) be-
cause the number of mates per queen affects the relatedness
among nestmates and thus the expectations for conflict and
cooperation within colonies (Ratnieks 1988; Pamilo 1991;
Crozier and Pamilo 1996; Ratnieks and Boomsma 1997). In
addition, multiple mating in the social Hymenoptera is in-
teresting because some of the selective factors that have been
proposed to favor multiple mating in insects (Arnqvist and
Nilsson 2000) are unlikely to apply. Thus, there is no court-
ship feeding, no spermatophore, and queens store large en-
ergy reserves before their mating flight such that the transfer
of nutritious substances by males is not likely to be a potential
benefit promoting multiple mating (see Boomsma and Rat-
nieks 1996).
Several hypotheses have been put forward to account for
the evolution and maintenance of multiple mating in social
insects, with most of these hypotheses proposing that poly-
andry is advantageous because of the resultant increase in
genetic variability within colonies. Increased genetic vari-
ability has been suggested to provide benefits in the form of
enhanced disease resistance or increased worker force effi-
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ciency (Crozier and Page 1985; Hamilton 1987; Sherman et
al. 1988; Keller and Reeve 1994; Schmid-Hempel 1994,
1998; Bourke and Franks 1995; Boomsma and Ratnieks 1996;
Crozier and Pamilo 1996). These hypotheses have in common
that they predict an increased survival and growth of colonies
with greater genetic diversity thus leading to a higher fitness
of multiply mated queens.
Although theoretical advances have been considerable in
the last decades, empirical tests of these hypotheses have
frequently been negative, inconclusive, or inconsistent across
species (Bourke and Franks 1995; Boomsma and Ratnieks
1996; Crozier and Pamilo 1996; Kraus and Page 1998;
Schmid-Hempel 1998; Sherman et al. 1998; Crozier and Fjer-
dingstad 2001; Fjerdingstad et al. 2003; Tarpy 2003). More-
over, only few studies have experimentally manipulated the
level of genetic diversity, and some of the best designed of
these studies have been conducted in systems exhibiting no
variability in queen mating under natural conditions (e.g.,
Baer and Schmid-Hempel 1999).
Interestingly, the strong emphasis by students of social
insects on the potential benefits of increased genetic vari-
ability as a causal explanation of polyandry has been accom-
panied by an almost complete lack of attention to the role of
sexual selection, which was considered unimportant due to
the short duration of male-female contacts (Ho¨lldobler and
Wilson 1990). This contrasts greatly with the research tra-
dition in nonsocial animals (Thornhill and Alcock 1983;
Smith 1984; Arnqvist and Nilsson 2000; Jennions and Petrie
2000; Simmons 2001). The almost complete lack of attention
on mate choice and natural and sexual selection at the in-
dividual level in social Hymenoptera is particularly striking
given that in most species only a minority of queens mate
multiply (Boomsma and Ratnieks 1996). Therefore, the ques-
tion that needs to be addressed is actually not, ‘‘Why do
queens mate multiply?’’ but ‘‘Why do some of the queens
mate multiply and others singly?’’ In particular, the question
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arises as to whether variation in mating frequency might be
associated with phenotypic differences among queens, and if
so, whether the costs and benefits of multiple mating might
covary with phenotypic characteristics of queens.
Differences in queen phenotype, particularly body weight,
have been reported in many ants (e.g., Sundstro¨m 1995; Fjer-
dingstad and Boomsma 1997) and may have consequences
for central components of queen fitness such as the ability
to survive the mating flight, the probability of successful
colony initiation, and the expected life span of queens and
colonies. Such differences in queen fitness would, in turn,
affect the value of different queens for males and could hence
affect their attractiveness to males. Weight differences among
queens may also correlate with the size of their spermatheca
and hence with the maximum number of sperm they can store.
In most social insects, queens can mate only at the beginning
of their reproductive life. Therefore, the upper limit of (fer-
tilized) eggs (offspring) she can produce is directly dependent
on the numbers of sperm stored. Thus, if heavier queens can
store more sperm, multiple mating may convey greater ben-
efits for them than for lighter queens. In other words, it is
possible that phenotypic differences (and particularly weight
differences) among queens may influence the cost and benefit
of mating multiply.
The issue of a possible association between queen phe-
notype and mating frequency is of additional interest because
most studies that have attempted to identify the benefits of
multiple mating have been correlational (i.e., correlating col-
ony-level productivity and/or survival with queen mating fre-
quency). Therefore, positive associations between mating fre-
quency and colony performance may be spurious if queen
mating frequency covaries with phenotypic attributes of
queens that directly influence their probability of survival
and/or colony productivity.
The aim of this study was to test whether queen phenotype
covaries with fitness and mating behavior in ants. We chose
the common European garden ant, Lasius niger, a species in
which queens mate with one to four males during large-scale
mating flights and the average mating frequency varies be-
tween populations and between years (van der Have et al.
1988; Boomsma and van der Have 1998; Fjerdingstad et al.
2002). Just after mating, queens initiate new colonies in small
burrows in the ground where they rear the first brood on their
own body reserves (Boomsma and Leusink 1981; van der
Have et al. 1988; Boomsma and van der Have 1998; Fjer-
dingstad et al. 2002). Queens of L. niger can live up to 29
years (H. Appel in Kutter and Stumper 1969), the highest
life span recorded in ants (Keller and Genoud 1997), and
mature colonies can contain up to 50,000 workers (Fjer-
dingstad et al. 2003). The first sexuals (males and new
queens) are raised when colonies are a few years old and
have reached a size of approximately 4,000 workers. As in
many other ants, mortality is very high during the mating
flight and the stage of colony founding. Overall, only a tiny
proportion of queens that are produced will be able to suc-
cessfully initiate a colony and produce sexual offspring. As
a result of these life-history characteristics, L. niger queens
are likely to be under strong survival and fecundity selection,
making this species an ideal system to test for a relationship
between queen phenotype, fitness, and mating behavior.
MATERIALS AND METHODS
Collection of Samples and Data
To test for survival selection on body weight during the
mating flight, we collected samples of queens before and after
flights in 1997 and 1998. The preflight samples represented
the population of queens before selection and postflight
queens after selection. The association between queen body
weight and probability of surviving was tested using logistic
regressions from which estimates of selection coefficients
were also generated (cf. Janzen and Stern 1998). The preflight
queens were trapped in tent traps placed over their natal nests
just as they were leaving for their mating flight (further details
in Fjerdingstad et al. 2002). Collections were made near the
Biology Building on Lausanne University campus (Switzer-
land) in July 1997 and 1998 at a total of 23 and 33 colonies,
respectively. From each colony 20 preflight queens were cho-
sen at random and weighed on a Mettler Toledo balance
(Columbus, OH) accurate to 1 mg. Additionally, we deter-
mined the dry weight of five preflight queens per colony in
1997 and the fat content of seven to 14 preflight queens per
colony in 1998 (following the method of Keller and Passera
[1989] but with one additional exchange of petroleum ether).
The postflight queens were collected on the ground just
after they mated and landed. In 1997 postflight queens were
collected at four sites, all within a radius of 2–3 km of the
Biology Building (in front of the Biology Building n 5 8,
Swiss Federal Institute of Technology at Lausanne [EPFL]
campus n 5 55, Closelet n 5 89, Renens n 5 47). All post-
flight queens were weighed immediately after collection and
84 of them were killed to determine their dry weight. The
fresh weights of postflight queens differed slightly among
the four collection sites (F3,209 5 3.1, P 5 0.03), but site
explained only 4.3% of the variance. Dry weights, however,
did not differ between the EPFL, Renens, and Closelet sites
(F2,80 5 0.61, P 50.55; no data for the Biology Building
site). In 1998, we collected and weighed another 203 post-
flight queens near the Biology Building.
A total of 117 of the postflight queens collected in 1997
and all of the 203 postflight queens collected in 1998 were
allowed to start colonies in the laboratory, allowing us to
study the relationship between weight and reproductive per-
formance. After eclosion of the first workers, each colony
was supplied with honey-water and an artificial diet (Keller
et al. 1989) twice a week. After 4 months (at which time
wild colonies start hibernation under natural conditions), the
colonies were frozen to subsequently determine queen fresh
weight, the number of males queens had mated with (see
below), and the overall weight of the eggs, larvae, pupae,
and workers produced. In 1998, we also recorded the date of
eclosion of the first workers for each colony and weighed
the queens and the brood at this date. Both in 1997 and 1998,
a few queens died before the end of the experiments. When-
ever possible, they were immediately frozen upon discovery
and subjected to the same analyses as live queens.
The number of sperm stored in the spermatheca by the
queens that were allowed to initiate colonies in the laboratory
was determined after colony termination by dissecting out
the sperm in a buffered saline solution containing 5% bovine
serum albumin (Reichardt and Wheeler 1995). The sperm
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FIG. 1. Survival during the mating flight as a function of the body
weight of queens. Shown are the probabilities of surviving (esti-
mated through logistic regression analyses) and the raw data of
body weights of individual queens collected before and after flights
in (a) 1997 and (b) 1998.
were disentangled through gentle grinding with a Teflon-
headed homogenisator stick in 500 ml PBS/5% BSA buffer.
After disentangling the sperm and adding 1000 ml more PBS
buffer, the suspension was vortexed gently for 15 sec and an
equal volume of 6% paraformaldehyde was added to prevent
biodegradation. The sperm suspensions were then stored at
58C. Estimates of the number of sperm stored by each queen
were made by vortexing each sperm suspension, placing an
aliquot of 40 ml on a Burker-Turk cell count chamber (Karl
Hecht, Sondheim, Germany) and counting the sperm using
a microscope with phase contrast and 4003 magnification
(Fjerdingstad and Boomsma 1997).
The number of males with which the laboratory queens
had mated was estimated through microsatellite analyses (two
loci, LN10–53 and LN10–28; Fjerdingstad et al. 2003) of the
sperm in the spermatheca. Because Hymenopteran males are
haploid, the number of alleles found in each spermathecal
polymerase chain reaction (PCR) provides a direct estimate
of the number of mates. Due to the very high number of
alleles at the two loci used (Fjerdingstad et al., 2002, 2003)
the risk of two males having the same genotype was very
small (less than 1%; Fjerdingstad et al. 2003). Moreover,
there was only a low risk that the alleles of the minority male
(the one contributing fewer sperm than the other mate[s] of
a given queen) were outcompeted in the PCRs (and hence
not detected; Gertsch and Fjerdingstad 1997). This is because
paternity skew in the studied population is moderate (on av-
erage, minority males sired 29% of the offspring in double-
paternity colonies; result from microsatellite based analyses
of 20 female offspring per colony for 28 colonies).
In 1998 most of the sperm extractions were accidentally
contaminated with one or both of the original microsatellite
clones and hence also showed the clone bands on the auto-
radiograms. Because the concentrated clone could have out-
competed some sperm alleles in the PCR (Gertsch and Fjer-
dingstad 1997), making truly multiply mated queens appear
singly mated, we verified the number of mates for apparently
single mated queens by assessing the genotypes of eight
workers per colony. In analyses using mating frequency as
a variable, we used only queens for which we had unambig-
uous data on the number of mates for both marker loci. Mat-
ing frequency was analyzed as a bivariate variable, dividing
queens into singly and multiply mated queens.
We used two approaches to investigate the effect of queen
weight and mating frequency on the number of sperm stored,
the time to eclosion of the first worker, and brood mass. First,
we tested for the effect of each variable separately. Next we
determined their partial effects by controlling each statisti-
cally for the effect of the other variable (Lande and Arnold
1983; Arnold and Wade 1984; for partial regression analysis
see also Sokal and Rohlf 1995). This allowed us to investigate
whether queen weight and mate number were confounded in
their effects on colony performance and the reproductive po-
tential of queens.
We used parametric statistics whenever the requisite as-
sumptions were fulfilled. Otherwise, we used Legendre’s
(1999) permutation test for multiple linear regression (9999
permutations). All tests are two-tailed.
RESULTS
Queen Weight and Survival and Body Condition
Queen body weight was significantly associated with sur-
vival probability both in 1997 and 1998. In 1997 the weight
of queens collected after the mating flight (mean 6 SD: 27.3
6 2.2 mg, n 5 115) was significantly lower than the weight
of queens collected before the mating flight (28.8 6 1.9 mg,
n 5 525; Wald 5 49.0, df 5 1, P , 0.0001; standardized
selection coefficient, b 520.60; Fig. 1a). The lower weight
of queens collected just after the mating flight was not simply
due to a loss of water during the mating flight because their
dry weight (mean 6 SD: 15.4 6 1.2 mg) was also signifi-
cantly lower than that of the queens collected before the
mating flight (16.0 6 1.3 mg; t188 5 23.5, P 5 0.0006).
Also, the slight body weight differences among queens from
different areas (see Materials and Methods) could not account
for the difference observed because postflight queens from
all sites were significantly lighter than preflight queens (one-
way ANOVAs, P , 0.0005 for all tests). Thus, lightweight
queens were more likely to survive the mating flight in 1997.
In 1998, by contrast, the queens collected after the mating
flight were significantly heavier (29.0 6 2.3 mg, n 5 202)
than those collected before (25.9 6 3.4 mg, n 5 634; Wald
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FIG. 2. Reproductive performance by queens (estimated as brood
mass 4 months after colony initiation) in relation to their body
weight. Data were pooled over 1997 and 1998 because there was
no significant year effect (standardized regression coefficient b 5
0.24, P 5 0.002; see text for details).
5 104.8, df 5 1, P , 0.0001; standardized selection coef-
ficient, b 5 0.76; Fig. 1b), suggesting that heavier queens
were more likely to survive their mating flight in that year.
Both pre- and postflight queens were heavier in 1998 than
1997. The difference was 11% for preflight queens (t1027 5
18.3, P , 0.0005) and 6% for postflight queens (t315 5 6.56,
P , 0.0005). The fat-content analyses indicated that body
weights of preflight queens were significantly positively as-
sociated with both the absolute (standardized regression co-
efficient, b 5 0.92, t304 5 39.7, P , 0.005) and relative
amount of fat (b 5 0.80, t304 5 23.1, P , 0.0005).
Queen Weight, Mating Frequency, and Reproductive
Performance
Twenty-four of the 318 postflight queens that were placed
in nests died before the eclosion of the first brood. Another
10 queens produced brood that did not give rise to adult
workers. There were no significant differences in the initial
weight of queens that survived and successfully produced
workers and queens that failed to do so (mean 6 SD and
one-way ANOVAs: 1997, successful: 27.3 6 2.1 mg, dead:
27.2 6 2.4 mg, F1,113 5 0.01, P 5 0.93; 1998, successful:
29.1 6 2.1 mg, dead: 28.4 6 3.2 mg, failures: 27.7 6 3.0
mg, F2,199 5 2.0, P 5 0.13).
The time to eclosion of the first workers (mean number of
days 6 SD: 59.5 6 2.02; data for 1998 only) was not sig-
nificantly associated with the initial weight of queens (stan-
dardized regression coefficient, b 5 20.09, t125 5 21.02, P
5 0.31) or with the number of mates per queen (b 5 0.02,
t125 5 0.27, P 5 0.79). The variance in time of the first
eclosion was also not associated with the number of mates
per queen (variance for singly and multiply paternity colonies
4.4 days2 and 4.0 days2, respectively; Levene’s test, L 5
0.14, df 5 1, 125, P 5 0.71). Colonies headed by initially
heavier queens contained more brood (mean 6 SD: 10.3 6
3.10 mg, b 5 0.27, t126 5 3.1, P 5 0.002) than did colonies
with initially lighter queens. Brood mass was, however, not
associated with the number of mates per queen (b 5 20.13,
t126 5 21.4; P 5 0.15). When the effects of queen weight
and number of mates per queen were controlled statistically
for each other, queen weight remained significantly positively
associated with brood mass (b 5 0.29, t125 5 3.4, P 5 0.001).
The association between mate number and overall brood
mass, however, became significantly negative (b 5 20.17,
t125, P , 0.05).
Four months after colony initiation brood mass was still
positively associated with initial queen weight (data from
1997 and 1998 analyzed together; mean 6 SD: 28.5 6 2.31
mg, ANCOVA: F1,202queen-weight 5 10.3, b 5 0.24, P 5 0.002,
Fig. 2; no differences between years: F1,202year 5 1.3, P 5
0.26). By contrast, the number of mates per queen was un-
related with the overall quantity of brood (ANCOVA:
F1,202mates 5 0.37, b 5 0.07, P 5 0.37; F1,202year 5 0.75, P
5 0.75). Considering simultaneously initial queen weight and
number of mates in the same analysis had no major effect.
Queen initial weight remained significantly associated with
brood mass (ANCOVA: F1,201queen-weight 5 10.3, b 5 0.23,
P 5 0.002; F1,201year 5 1.4, P 5 0.23), and there was no
significant association between the number of mates and
brood mass (ANCOVA: F1,201mates 5 0.01, b 5 0.03, P 5
0.66).
The number of mates per queens was positively associated
with the initial body weight of queens (Fig. 3), and this as-
sociation was even stronger if queens were divided into sin-
gly, doubly, triply, and quadruply mated queens (instead of
just singly and multiply mated; F1,222queenweight 5 9.0, b 5
0.19, P 5 0.003; F1,122year 5 36.7, P , 0.0005). Also, the
number of sperm obtained by a queen was significantly pos-
itively associated with her initial weight (b 5 0.23, t133 5
2.8, P 5 0.006). Importantly, however, this latter association
became nonsignificant when the number of mates per queen
was also considered in the analysis (b 5 0.14, t132 5 1.7, P
5 0.09). Thus, only the number of mates explained a sig-
nificant part of the variation in sperm content (b 5 0.38, t132
5 4.6, P , 0.0005) with multiply mated queens having 33%
more sperm (6.1 6 1.46 [SD] million) than single-mated
queens (4.6 6 1.81 million; Fig. 4).
DISCUSSION
The first interesting finding of this study is that a queen’s
probability to survive her mating flight is strongly associated
with her body weight. The direction of survival selection was
positively associated with queen initial (fresh and dry) weight
in 1998 and negatively so in 1997. This difference between
years in part results from the among-year difference in the
mean weight of preflight queens. Preflight queens were sig-
nificantly heavier in 1997 than in 1998, possibly because of
year-to-year variation in the amount of resources available
(Rosenheim et al. 1996; Ode and Rissing 2002). Also, the
direction of selection changed slightly across years, possibly
due to year-to-year variation in the strength of the selective
factors affecting survival during the mating flight (e.g., the
type and prevalence of birds and other predators). Overall,
our data indicate that queens with a medium body weight
have the highest survival probability across years.
The initial weight of L. niger queens also influenced colony
productivity. Larger queens produced more brood than did
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FIG. 3. Number of mates per queen in relation to queen body
weight in (a) 1997 (81 singly mated and 17 multiply mated queens
examined) and (b) 1998 (45 and 82 queens examined, respectively;
standard errors of mean body weight shown). Heavier queens had
more mates (data for both years analyzed together in an ANCOVA,
F1,222queenweight 5 4.0, b 5 0.13; P , 0.05; F 1,222year 5 43.2, P ,
0.0005). The association between queen body weight and number
of mates was much stronger if queens were divided into singly,
doubly, triply, and quadruply mated queens (see text). Values on
the x-axes indicate queens with one or at least two mates.
FIG. 4. Number of sperm stored by queens as a function of the
number of mates per queens. Queens stored more sperm when they
had more mates (standardized regression coefficient b 5 0.42, t132
5 5.3, P , 0.0001). Values on the x-axis indicate queens with one
or at least two mates.
smaller queens both when measured at the time of eclosion
of the first workers and at the beginning of hibernation (au-
tumn). The greater productivity of colonies headed by heavier
queens most likely resulted from these queens having more
energy stores to raise the first brood. In L. niger, as in most
other independent-colony-founding species, queens raise the
first brood by metabolizing their wing muscles and using their
fat reserves (Keller and Passera 1989), and our fat content
analyses indeed revealed that heavier queens had both a high-
er absolute and relative fat content than lighter queens. A
positive association between body weight and fat stores has
also been found in other ants (Keller and Ross 1993; McInnes
and Tschinkel 1995; Sundstro¨m 1995; Lachaud et al. 1999)
and differences in initial weight have been shown to influence
various estimators of queen productivity in several species
(Vander-Meer et al. 1992; Bernasconi and Keller 1999; Wag-
ner and Gordon 1999; Liu et al. 2001; DeHeer 2002; see also
Tschinkel 1993).
Variation between colonies in brood mass is likely to trans-
late into significant fitness variation because in species with
independent colony founding, large colonies often eradicate
smaller neighboring colonies during the first year following
colony founding (Tschinkel 1992; Sommer and Ho¨lldobler
1995; but see Gordon and Kulig 1998). Hence, even small
differences in early colony growth may translate into very
large differences in lifetime reproductive success.
Another interesting finding of this study is that the weight
of L. niger queens at the time of the mating flight was sig-
nificantly positively associated with the number of males they
mated with. There are at least four possible explanations for
this association. The first is that heavier queens can store
more sperm and thus would benefit more from mating with
several males (cf. Cole 1983; Tschinkel 1987; Fjerdingstad
and Boomsma 1998). However, our data showed that the
number of sperm stored was not significantly associated with
queen initial weight when the number of matings was con-
trolled for, suggesting that queen size differences may not
significantly influence the number of sperm that queens can
store.
A second possible explanation is that the cost of mating
with several males is smaller for heavier queens. The main
cost associated with multiple mating is probably the greater
time spent in the air (Reichardt and Wheeler 1996) and thus
greater predation pressure. Our study showed that heavier
queens possess greater energy reserves, but there was no
evidence that heavier queens consistently had a greater sur-
vival during the mating flight. It therefore remains unclear
whether mating multiply is less costly for heavier queens.
A third possibility is that heavier females are more attrac-
tive to males. Male preference for females of high quality
has been reported in a large number of insects and other
animals (Parker 1983; Owens and Thompson 1994; Johnstone
et al. 1996; Johnstone 1997; Bonduriansky 2001). In ants, a
possible additional reason for male choosiness (Dewsbury
1982) is that males are sperm-limited as a result of the testes
degenerating during the larval stage (Ho¨lldobler and Wilson
1990, pp. 154–155). However, in our L. niger population the
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initial numerical sex ratio is strongly male biased (from
6.1:1 to 6.6:1; Fjerdingstad et al. 2001, unpubl. data), so that
males that reject a low-quality queen may not obtain another
mating opportunity (but see Bonduriansky and Brooks 1999;
Bonduriansky 2001).
A final possible explanation for the positive association
between queen body weight and mating frequency is that
queens are forced to mate multiply, and heavier queens are
less likely to prevent additional males from mating with them.
Under this hypothesis, multiple mating would not confer any
advantages on queens. Consistent with this hypothesis, the
present study as well as another study that examined 113
mature L. niger natural colonies (Fjerdingstad et al. 2003)
failed to find any consistent benefits of multiple mating in
terms of colony performance (though a lack of benefits cannot
prove the hypothesis of coercive matings).
It is important to note that the four hypotheses mentioned
above are not mutually exclusive. Whatever the cause(s) un-
derlying the fact that heavier queens have more matings, this
association has important implications for studies aimed at
assessing the potential benefits for queens that mate with
several mates. In most previous studies comparing the per-
formance of colonies headed by singly versus multiply mated
queens, queen body weight variation was not taken into ac-
count. Experimental manipulation of the number of mates
per queen has been performed only in the honeybee and bum-
blebees. For the honeybee some studies have found a positive
effect between mating frequency and colony performance
(Oldroyd et al. 1992; Fuchs and Schade 1994; Tarpy 2003),
while others have found no effect (Page et al. 1995; Fuchs
et al. 1996; Kraus and Page 1998; Neumann and Moritz
2000). In Bombus terrestris, colonies headed by queens mated
with several unrelated males showed greater productivity
than colonies headed by several related males (Baer and
Schmid-Hempel 1999, 2000). However, in this species
queens usually mate once (Schmid-Hempel and Schmid-
Hempel 2000) and colonies headed by singly mated queens
show greater colony productivity than colonies headed by
several related males. Thus, the reasons why queens mate
multiply in honeybees and singly in bumblebees are still not
completely clear.
In ants experimental studies on the effect of multiple mat-
ing on colony productivity have not been possible because,
so far, it has been impossible to experimentally control the
number of matings (queens usually only mate on the wing
during a mating flight far from human manipulators). A sig-
nificant association between colony performance and colony
genetic diversity has been reported in a single ant species,
the harvester ant Pogonomyrmex occidentalis (Cole and Wier-
nasz 1999). However, factors others than mating frequency
may have influenced the genetic diversity of workers in this
species. For example, more productive colonies may have
contained several queens (Fjerdingstad and Keller 2000) and/
or may have raided other colonies and thus coincidentally
acquired a greater genetic diversity of workers (Gadau et al.
2003). Moreover, it is also possible that the number of mat-
ings is correlated with initial queen body weight, as in L.
niger. Therefore the positive association found between in-
tracolonial genetic diversity and colony growth and survival
possibly may have resulted from high-quality queens having
more mates. Our study on L. niger exemplifies that the as-
sociation between the number of mates per queen and colony
performance may change when controlling for the initial body
weight of queens. Thus, the negative association between
mate number and brood mass at the time of eclosion of the
first worker was significant only when the initial weight of
the queen was controlled for.
It is not clear why, at the time of the first worker eclosion,
mate number was negatively associated with overall brood
mass (when initial queen weight was controlled for). One
possibility is that queens with multiple mates produce fewer
eggs and that their broods experience a slower development
at the larval stage, perhaps due to deleterious substances
transmitted by males as part of a male-male conflict over
fertilization (cf. Chapman et al. 1995). Alternatively, com-
ponents of queen phenotype other than initial weight may be
associated with mate number, hence resulting in the observed
(noncausal) relationship between mate number and brood
mass. Whatever the cause, our data show that differences in
queen mating frequency can be associated with phenotypic
differences that may also influence colony productivity.
In summary, our study shows that the initial weight of L.
niger queens affects the probability of surviving the mating
flight and the productivity of new colonies during their first
months. This is likely to translate into significant differences
in the lifetime reproductive success of queens. Initial weight
of queens was also positively associated with the probability
that queens mate with several males. As a result, the asso-
ciation between number of mates and brood mass at the time
of eclosion of the first workers changed when the analysis
was controlled for the effect of initial queen weight. Overall
there was little evidence that mating with several males had
a positive effect on colony performance once queen initial
weight was controlled for. Hence, it is necessary to consider
simultaneously the effect of mate number and queen quality
when studying the potential benefits of multiple mating in
social insects.
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